The successive Ni(II) adsorption and adsorbed-Ni(II) desorption experiments have been performed in order to clarify the repetitive heavy-metal-cation recovering functionality of p-Styrenesulfonicacidsodiumsalt/Acrylamide (p-SSAS/AAm) and Sodium acrylate/Acrylamide (SA/AAm) gels, and also to examine the effect of the terminal group in the side chain. It has been revealed that the SA/AAm gels show high recovering functionality usable in the actual applications while that the p-SSAS/AAm gels can be used in limited conditions.
INTRODUCTION
Though heavy metals are very useful materials and a lot of amounts of them are utilized in the industry, most of them are also notorious for their toxicity. As is well-known, the heavy-metal pollution have attracted public attention after the announcement from the Japanese Ministry of Health and Welfare in 1968 that the Itai-Itai disease can be attributed to the cadmium from Kamioka Mine flowing out to the Jintsu River [1] . Then, in response to the mounting public opinion calling for the environmental purification, legislated were the environmental laws which strictly regulate the discharge of hazardous wastes into the environment including the heavy metals. Though the environmental pollution by hazardous wastes is considerably improved in these days with these efforts, the important thing to remember is that the heavy metals will not be harmless by itself nor will disappear outright. Expressed in another way, the heavy-metal-contaminated areas can spread by diffusion [2] . In such a case, immediate and effective recovery measures to capture hazardous heavy metals will be important not to spread them in the environment. In order to put the measure into practice, there is increasing demand of new environment purifying materials which can be easily used without any large-scale facility. Under these circumstances, the authors have estimated that some hydrogels can be possible candidates as the environment-purifying materials and have measured their functionalities.
By the interactions between constituents: network polymer and solvent, hydrogels show useful properties [3] . With ionized groups in the side chain hanging down from polymer network, some hydrogels can capture the heavy metals: Jacson et al. developed a metal-iondetecting hydrogel with interpenetrating network composed of poly(vinyl alcohol) and NIPA/AAc [4] utilizing the heavy-metal capturing functionality. However, they were not noticed its efficiency of ion-capturing, which is one of the most important indices for the environment-purifying adsorbent in the practical application; therefore, the authors have been investigating the heavy-metal capturing efficiency of some hydrogels, as mentioned below.
The authors have observed high heavy-metal-ion capturing efficiencies of some ionized-hydrogels in the previous studies [5] [6] [7] [8] [9] : for example, the heavy-metal cation-capturing efficiency of poly(acrylamide/sodium acrylate) (PAAm/SA) gel is estimated ~20wt% of network polymer [5] . The hydrogel which adsorbs heavy-metal cation can be also made with a biodegradable material such as sodium carboxymethylcellulose (CMC-Na) by irradiating γ-ray instead of usually used toxic cross-linker; its heavy-metal-cation capturing efficiency is comparable to the PAAm/SA gel [5] . The authors have been also developing heavy-metal anion capturing gels [6] [7] [8] [9] and found that almost of their heavy-metal capturing efficiencies are larger than those of PAAm/SA and CMC-Na gels and much larger than those of zeolites and ion-exchange resins As mentioned above, some hydrogels can effectively capture hazardous heavy metals. One of the principal ingredients of the high heavy-metal-capturing efficiency can be due to the light elements composing the hydrogels such as H, C, N and O, by which the weight of the adsorbent, namely the hydrogels, becomes very small compared with the inorganic absorbents in the same volume of inorganic adsorbents such as zeolites. However, there will be still some problems for practical applications of the hydrogels as environment-purifying materials in spite of their promising properties. Among the problems, the post-processing of the hydrogels after the heavy-metal adsorption will be most important; the hydrogels themselves will be stubborn wastes by the inappropriate treatments. Under these circumstances, the authors have considered that repetitive reuse of the adsorbents are most desirable by taking account of the resource saving and less repository-site possession, which indicates the necessity of the easy desorption functionality of adsorbed heavy-metals.
Along this line, in the present study, the successive Ni(II) adsorption and adsorbed-Ni(II) desorption experiments have been performed in order to clarify the repetitive heavy-metal-cation recovering functionality of p-Styrenesulfonicacidsodiumsalt/Acrylamide (p-SSAS /AAm) and Sodium acrylate/Acrylamide (SA/AAm) gels, and also to examine the effect of the terminal group in the side chain.
EXPERIMENTALS
In order to examine the heavy-metal-cation capturing functionality of the p-SSAS/AAm and SA/ AAm gels, prepared were pre-gel solutions of which the molar ratios in a range from [p-SSAS or SA] : [AAm] = 1 : 6 to 6 : 1, and the total polymer concentrations, from 0.7 M to 2.1 M. Also, as a cross-linker, 0.133 wt% of N,N'-methylenebisacrylamide (BIS) was added to each the pre-gel solution. In order to initiate the gelation, 0.04 wt% of ammonium persulfate was put into each the pre-gel solution with BIS, which was left intact for 24 hrs at room temperature. After the solution solidified, cubic portions of ~1× 1×1 cm 3 (~1 g) were cut out and immersed in pure water for 24 hrs in order to wash out unreacted ingredients.
・Adsorption experiments
In the experiments of examining the p-SSAS/AAm and SA/AAm gels' Ni 2+ capturing functionality, each the purified gel cube was immersed in a cell filled with aqueous NiCl 2 solution of 9.09 mM (pH~4.6) for 24 hrs, then, the gel cubes were carefully taken out from the cells. After these procedure, Ni(II) concentration and volume of each the remainder solution in the cell was studies [6] [7] [8] [9] , the authors adopted this description to express definitely the amount of the p-SSAS, SA and AAm in the respective gels because the p-SSAS/AAm and SA/AAm gels expand in different degrees with the p-SSAS or SA composition ratio to AAm in the rinsing procedure in pure water. These experimental results demonstrate that the p-SSAS and SA work sufficiently as a heavy-metal cation capturer in polymer network of the p-SSAS/AAm and SA/AAm copolymer gels as observed in the previous study [5] : Roughly speaking, the captured Ni(II) amount increases with p-SSAS or SA fraction, however the capturing amount shows a moundlike dependence on the total concentration with a summit around 1.4 M. Besides, having a good look at the p-SSAS-or SA-molar-ratio dependences, the increases in the adsorbed Ni(II) amounts become saturated in the higher p-SSAS-, SA-molar-ratio and total concentration regions.
・Desorption of Ni(II) Figures 3 and 4 show p-SSAS-fraction and totalpolymer-concentration dependences of the Ni(II) weight ratio desorbed from the p-SSAS/AAm gels. The SAfraction and total-polymer-concentration dependences of the Ni(II) weight ratios desorbed from the SA/AAm gels are shown in Figs. 5 and 6.
As can be easily seen from Figs. 3 and 4 , the Ni(II)-desorption ratio of p-SSAS/AAm gels are ~100 wt% below 30 mol% of p-SSAS-fraction; while, above the fraction, the desorption ratio decreased with p-SSAS-fraction. Though these tendencies on the p-SSAS-fraction dependence are similar in all the total- (2009)polymer-concentrations, the desorption ratios of the p-SSAS/AAm gels with the lower network concentrations is always higher than those of them with the higher concentrations. As for the SA/AAm gels, Figs. 5 and 6 show SA-fraction and total-polymer-concentration dependences of the desorbed-Ni(II) weight ratio, respectively. As can be easily seen from these figures, the desorption ratios of SA/AAm gels are ~100 wt% in almost all of the SA fractions and total polymer concentrations.
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DISCUSSIONS
As mentioned in the introduction, the authors have been investigating the heavy-metal adsorption and desorption properties of hydrogels [5] [6] [7] [8] [9] in order to create new environment purifying materials and to devise new processes which can resolve the current social problems on both the landfillsite-depletion and the heavy-metal-resource drain. The authors have considered that ideal heavy-metal recovery materials should be also recyclable themselves from the viewpoint of the resource saving and reduction of waste generation, which requires the regeneration of the adsorbent after use. By taking the adsorbent-post-process into consideration additionally for that purpose, a recycle system of the adsorbent as well as adsorbate should be necessary; otherwise a lot of adsorbent after use can be massive laborious wastes, which can be another social problem despite the authors' intention. Therefore, the authors have proposed a heavy-metal recycling system which is composed of 3 steps:
1. The heavy metals in waste fluid are adsorbed by the hydrogel. 2. The hydrogel after the heavy-metal adsorption is put in the heavy-metal desorption process, in which the captured heavy metal and the hydrogel are separated. 3. The heavy metals released from the hydrogel are used as a renewed resource, on the other hand, the hydrogel after the heavy-metal desorption process is regenerated and used again in the heavy-metal adsorption process (Step 1).
The hydrogel's functions which enable the abovementioned recovery system are adsorption and desorption of heavy metals. Therefore, the examinations of these functionalities are mission-critical for the realization of the recycle system of both the adsorbate and the adsorbent; besides, it is necessary to consider both of the adsorption and desorption functionalities comprehensively because the usefulness of the recycle system depends on the overall performance both of the processes: Even in the case that the heavy-metal desorption efficiency of some hydrogel is relatively low, the hydrogel can be still used in the recycle system if the heavy-metal desorption functionality is high enough; because the hydrogel can recover enough amount of heavy metals by repetitive use in the recycle system. Meanwhile, the hydrogel can be unusable as a heavymetal recovery material if the desorption ratio is low, because the hydrogel may accumulate heavy metals inside; the situation may become even worse if its adsorption efficiency is high.
By the Ni(II)-adsorption and successive adsorbedNi(II)-desorption investigations of p-SSAS/AAm and SA/AAm gels in the present study, the authors have found that p-SSAS/AAm and SA/AAm gels show different Ni(II)-desorption features while they show similar Ni(II)-adsorption features. As for p-SSAS/AAm gels, the hydrogels with desorption ratios of which the p-SSAS-fraction is in a range 14~30 mol% and total polymer concentration below 0.7 M are desirable as shown in Figs. 3 and 4 . By taking consideration of the adsorption efficiency additionally (Fig. 1) , the p-SSAS /AAm gel with ~30 mol% in p-SSAS fraction and ~0.7 M in total polymer concentration is most suitable for the recyclable Ni(II)-recovery system. On the other hand, the SA/AAm gels show ~100 wt% Ni(II)-desorption ratio in all the SA-fractions and total polymer concentrations (Figs. 5 and 6) , therefore, the SA/AAm gel with ~90 mol% in SA-fraction and ~1.4 M in total polymer concentration is most suitable for the recyclable Ni(II)-recovery system by taking account of the Ni(II)-adsorption efficiency additionally (Fig. 2) .
